Vegetables productions systems are done normally with intense soil tillage causing a strong decline of soil quality. Use of conservation systems can be an alternative to recover this quality. In order to evaluate the effects of such systems on soil organic matter, an experiment has been conducted in randomized blocks design and factorial scheme 3 × 2: three soil management systems (no-tillage; reduced tillage and conventional tillage) and two cover crops (maize single; and intercropping maize with gray velvet bean-Stizolobium niveum); and repeated measures over time. Soil samples were collected before the implementation of the experiment and at the end of each crop cycle until the fifth crop cycle. Carbon associated with humic substances is also determined in 0 -5 cm, 5 -10 cm and 10 -30 cm at the end of the last crop cycle. The SOM content was higher in RT (48.34 g·kg ) was statistically equal to RT and CT, during the same period. In 0 -5 cm, carbon contents associated to the humic substances present the same behavior of SOM contents in 0 -10 cm. Probably these results are associated with the capacity of each system to improve superficial contents of SOM stable fractions. It follows that the conservation systems used are alternatives to the cultivation vegetables in order to improve soil organic matter contents.
tant way to mitigate atmospheric greenhouse gases (GHG) emissions, principal responsible for global warming observed nowadays (Machado, 2005) [1] . However, soil degradation can significantly reduce their capacity to mitigate GHG emissions and also leads to an increase of GHG emissions from terrestrial environments. This process is closely associated to qualitative and quantitative loss of soil organic matter (SOM) due to the unsustainable use of soil (Johnson et al., 2007) [2] . Several studies in tropical soils have pointed to occurrence of drastically reduce of SOM as a result of non-conservation management system adoption (Souza et al., Figueiredo et al., 2010) [3] [4] .
Vegetable production systems normally adopted in Brazil use intense soil tillage leading to a strong decline of soil quality. SOM can be understood as a key indicator of soil quality and changes in their quantity and quality have important impacts in many processes linked to agricultural and environmental sustainability as soil erosion, water infiltration and nutrients cycles (Franzluebbers, 2002 ) [5] . SOM is defined as the total soil biomass and substances resulting from the decomposition of terrestrial and aquatic plants, including peatlands (Dick et al., 2009) [6] . It can be divided into at least two groups related to their complexity and lability. Accordingly, there are less complex and labile SOM as organic acids with low molecular weight, carbohydrates, fats, waxes and proteins, and those more complex and non-labile as pyrogenic C and humic substances (HS).
The latter, commonly represented by fulvic (FAC) and humic (HAC) acids, and by humin (HUMC) have chemical complexity increasing in that order and are determined by solubility in different pH conditions. The HS commonly constitute the major part of the SOM in tropical environments (Santos et al., 2013) [7] and present chemical composition that can affect the chemical, physical and biological soil properties. HS also have effect on the development of higher plants, on the carbon and nutrients cycles, and on the pollutants leaching [8] .
Use of conservation systems in agriculture has partially reversed the tendency of soil degradation. SOM levels can increase when reduced tillage (RT) and no-tillage (NT) are adopted, especially if the soil had been managed conventionally before. The NT potential to improve carbon contents in tropical and subtropical soils have been reported by other studies (Conceição et al., 2013) [9] . In a vegetable production area of the Brazilian Cerrado, Souza et al. (2014) [10] also observed that the use of conservation systems improved the quantity and quality of SOM. However, there is little knowledge about the temporal dynamic of SOM contents in vegetables production areas when conservation systems are adopted, an important question to improve the sustainability of the agricultural soils. The studies cited previously show clearly the importance of addition of plant residues and reduced soil disturbance to increase both labile and no-labile SOM and thus increase C contents sustainably.
A relevant strategy for evaluation of temporal variation of a particular phenomenon is the conduction of experiments with repeated measures over time.
At this point, it is important that a brief discussion should be done about such 
Materials and Methods

Characterization of Experimental Area
The experiment was conducted in Embrapa Vegetables experimental field, lo- . The gray velvet bean was seeded with spacing of 1.60 m and two seeds per meter, thirty days after seeded the maize, just in the experimental plots that used these cover crops. Straw were formed using a shredding, followed by the use of herbicides (Glyphosate and Paraquat).
Experimental Design and Soil Management Systems
Cover Plants Biomass Sampling and Determination
The cover crops biomass was sampled using a template (a frame with dimensions 1 m × 1 m) disposed on the soil surface at two different points of each experimental plot. Sampling was performed soon after rotary shredders and herbicide application.
All material present inside the template was collected and stored in plastic bags. After, it sent to the Soil Fertility and Plant Nutrition laboratory where it was dried at 65˚C and subsequently their mass was determined using an analytical balance.
C. E. P. 
Soil Sampling and SOM Analysis
Soil samples were collected at the end of each crop cycle at the 0 -10 cm and 10 -30 cm layers. Samples of the fourth crop cycle were not used because the experiment was severed damaged by a hailstorm. For soil sampling were opened four mini trenches per experimental plot where single soil samples were collected to form one composite soil sample. Samples were then stored in properly labeled plastic bags and subsequently led to the Soil Fertility and Plant Nutrition laboratory. They were then air dried, macerated and all material was sieved in a 2 mm sieve.
SOM contents were determined in soil samples collected per experimental plots at the end of each cultivation cycle. It was collected four simple samples to form one composite sample. In laboratory, the determination of total organic carbon (TOC) was performed by Walkley-Black method (Embrapa, 1997) [14] .
SOM contents were determined multiplying TOC contents by 1,724 (van Bemmelen factor).
Samples collected for assessing the organic carbon (OC) content associated to HS were taken at the end of the fifth growing season, in the 0 -5 cm, 5 -10 cm and 10 -30 cm layers. HS fractionation was performed by difference of solubility in different pH conditions and followed the method proposed by Benites et al. 
Statistical Analysis
SOM data were initially checked for normal distribution at 5% by Shapiro Wilk test. Later there was applied the Mauchly Sphericity test at 5% to verify possible correlations between the samples taken in different cycles for each depth evaluated. When significant, the PROC MIXED provided by SAS® was used. Otherwise, when the test was not significant, it was used the PROC GLM, analyzing the data similarly to those obtained in split plot experiments.
When PROC MIXED was used, the covariance structure was selected using Akaike Information Criteria (AIC) (Akaike, 1973) [16] . The following structures were tested: Heterogeneous Autoregressive (1) 
Results and Discussion
The sphericity test was significant only for the 10 -30 cm layer (P < 0.0001) requiring the analysis using the mixed procedure (PROC MIXED). Instead, the lack of significance observed for the SOM data determined for the 0 -10 cm layer (P < 0.3411) results in the analysis using PROC GLM. Use of univariate methods for analysis in repeated measures experiments is possible since the covariance matrix satisfies the sphericity or roundness conditions. The sphericity test assumes as null hypothesis that the covariance matrix to be tested is of spherical type. When non-significant at a given level, it is concluded that the covariance matrix is spherical and the data can be analyzed using univariate methods. On the contrary, if the sphericity test is significant the data must be ana- Significant interaction between tillage systems and crop cycle can be observed for the SOM data originated from samples taken in the 0 -10 cm layer. Already, just effect of the crop cycle on SOM contents are observed for the data concerning to the 10 -30 cm layer.
SOM increments were observed for RT and NT over the period evaluated (Table 1) . However, in CT, it was observed that the SOM contents increased only between the first and the second crop cycle and remained stable thereafter until the end of the study period. Despite this stability, SOM contents observed in CT calls attention by a strong reduction in their absolute values between the last and the second last crop cycle. Nevertheless, it is not possible to infer about a possible maintenance of this trend in subsequent periods.
Effects of different soil management systems on SOM contents were observed only in the last crop cycle. The highest SOM contents were observed for RT. The SOM contents found in NT were similar to RT and CT. Additionally, SOM contents observed in CT were lower than those found in RT. Already, SOM contents in the 10 -30 cm layer increased over the evaluation period in the three soil management systems but it was not observed distinct effects of them in any year evaluated.
C. E. P. Zikeli et al. (2013) [18] showed that the reduction of intensity and depth of tillage improves SOM contents in a Germany Luvisol. Use of NT resulted in positive effects on SOM in subtropical and tropical soils (Conceição et al., 2013) [9] .
Frequently has been cited in literature that NT normally maintain higher superficial SOM contents than RT, especially in long-term experiments (Prasad et al.,
2016) [19] . It was possible that, in the present study, the time of adoption of the systems has not been enough for the NT show its full potential to improve SOM contents.
The carbon contents associated to the HS were determined in samples collected at the end of the last crop cycle ( Table 2) . Means of organic carbon associated to the HS in the 0 -5 cm layer presents similar behavior to those of SOM contents quantified in the 0 -10 layer, as discussed in the preceding paragraphs. Non-significant by the F test (P < 0.05). Table 3 . Pearson correlation coefficients between total organic carbon and carbon associated to the humic substances contents in a Rhodic Ferralsol cultivated with vegetables, in conservation systems. There are doubts, however, about the long-term sustainability of RT to maintain higher TOC contents than the NT, as indicated by results of other studies such as those of Prasad et al. (2016) [19] . It is possible that in NT the absence of cover crops incorporation leads to a more gradual increase of SOM and HS contents than in RT, resulting in lower contents in short and medium term experiments. In different edaphoclimatic conditions, Zhang et al. (2016) [25] showed that the full capacity of NT to accumulate soil carbon is reached in about ten years after its adoption, especially when the soil was previously in agricultural use with conventional systems. Thus, it is possible that the maturity of the NT has not been reached in the present study. However, it is worth mentioning that the vegetable production systems present important peculiarities as high fertilization rates and lower commercial species biomass production that can lead to different behavior of SOM and its fractions. Thus, it becomes clear that there is need for further studies to understand SOM dynamics in vegetables conservation systems.
Finally, it should be noted that the CT promoted a strong initial increase of SOM contents. This result is different from those commonly found in other studies and previously cited in this paper. It is possible that this fact is due to the 
Conclusions
Conservation soil management systems increased initial SOM contents in both 0 -10 cm and 10 -30 cm layers.
At the end of the last crop cycle, the RT and the NT improved more efficiently the SOM contents in the 0 -10 m layer.
RT maintained the higher TOC contents in the 0 -5 cm layer, probably associated with the high contents of HS.
